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® Sparkplug. 



® At least one of center and ground electrodes of a spark plug has a thin layer formed by bonding noble metal 
^powder on a discharge-related surface area of the electrode stock of said at least one of said center and ground 
< electrodes in accordance with ultrasonic bonding. Instead of the thin layer, a discharge tip may be formed there 
^by bonng a hole m the electrode stock, filling noble metal powder, which has been obtained by coating spherical 
j^or flaky metal particles with a corresponding noble metal or noble metal alloy, in the hole and then bonding the 
lO thus-filled noble metal powder in accordance with ultrasonic bonding. As a further alternative, a tip made of a 
^ noble metal or an alloy thereof may be bonded by ultrasonic bonding or resistance welding in the hole with a 
flayer of metal powder of a metal having good high-temperature erosion resistance or an alloy thereof interposed 
^therebetween. The spark plug enjoys a long operating life. 
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SPARK PLUG 



BACKGROUND OF THE INVENTION 
1) Reid of the Invention: 
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70 2) Description of the Prior Art: 
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wear resTsS^rS rTeJ^o^d ^^^^^^^ ^^^^ P'"9« ^-'"9 excellent spa., 

engines. In order to aci^ieJ^TZZn^on^^^ and maintenance-free internal combuLn 

spark Plugs by using a noble me'J rSarg^rS^^^ ^° 
electrodes made of a heat and erosion resisSt3ln ? » ? electrodes and ground 

proposed to use pin^r sl^^t-lite fi^^^a ^^^^^^ '"f"^ ^"'^^ ^ ^ "'^"^^l -"°V- ^as hence been 
bonding them in accordancTwrt^^rSi^ce ifllnT '""^ °^ ^ P'^^'"""^ t)y 

noble metal material in TSgTvor^e rSJ^g n' J Shrf"?- 1"'^' '''"-"'^^ ^^^'^ 
sheet-like tips are obtained bv stamninn r^r? / ^ manufactunng cost. On the other hand, such 

drcular tips are then bonded Ma^^t^'^^^^ 'T'^ °' "^'^'^ 

a cause for the increased r.«n.rf:4,:~. ri " "l.! --/""^/^sulted. leading to a yield as low as 30% and 

or sheet-like shape for examole S^ir 2.«Cf ^ "^""^ ^es-^i'V f°'^^<i '"to a pin- 

.r and the like Sve not^n lTjZ^ ^^'^^ - R*^- 

Improve the spark wear and erosion Jsis^nce ^nce o^T ""'"^^^^ ^^^^^^^^ '° 

heating cycle in internal combuston ^ngSs ' haL fc^en l^^^^^ *° ' '^^^"■"^ 

it tends to devetep accelerated cracki^ a^d oJdate eSon at'mTi"?' ^ 
associated base electrode material hv ^r^^i^ erosion at the boundary of its bonding with the 
expansion from the^eS^le "^"'^^ '° '^°«ffi=i«nt of linear 



SUMMARY OF THE INVENTION 
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An object of this invention is to improve the drawfaarkc th^ 
and to provide a sparic plug which ,v frl l!?^ ?^ 

reduction to the maSScJ^ring co^ and^romvLr^^^^^ IT "^"^"'^ ^° ^ *° P^"^" ^ ^•g"'^""' 

the electrode stock of said S^t oL nf 1 2 ^ °" ^ discharge-related surface area of 

bonding. ' °' ^'^ '^^^^^ 9™"""^ electrodes in accordance with ultrasonic 

lOum tend to scatter metaroSvdTr bv vZr ^ ° *° P^'^'^ s-'^es smaller than 

«. On ti,e o"d.'°a:y'^^^^^^^^^ ^'-'^V -king its bonding 

ultrasonic bonding, leading to such drawbac^l lit 1, ^° '"^^^ase the stress of 

electrode stock must be worki for th^c^^^^^^^^ T^T ^"^^^P^^le to deformation and the 
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Tpnl nn H 5"^''.^" ^'^"'^ *° " '^'''"'^'^ '^^^^ °' ^ "^i^X their boundary 

ZTtT^H°"i« ^ " "^''^^^ °' ^ ^«P^^=^« '^e^' treatment. Owir,g to the 

fon^ation of th,s drffused layer, .t is possible to avoid effectively the separation of the thin layer which would 
otherwise take place due to the cooling and heating cycle. 

According to the first aspect of this invention, noble metal powder is bonded .to an electrode stock (a 
nickel or iron alloy) in accordance with ultrasonic bonding to form a thin layer. The thin noble metal layer 
has been formed by coalescence of metal atoms stimulated by a temperature increase at the boundary 
region owing to fnctional heat. Since it has not been subjected to any conventional fusion bonding such as 
resistance weldmg or laser welding, it does not undergo coarsening and fragility unlike cast structures The 
bondmg region between the electrode stock and the associated thin layer is thus free, even upon repetition 
of^a cooling and heating cycle, from such a danger that it would be broken by occurrence of cracks or the 

In the second aspect of this invention, there is also provided a spark plug equipped with at least one 

ocTu^bl^e^nT/"' ^'^^^"^^ ^'^^'^^ ^Pa^X discharge o 

lct^«dl hT 9^°""d electrodes, wherein at least one of said center and ground 

electrodes has a discharge tip formed by boring a hole in the electrode stock of said at least one of said 
center and ground electrodes at a discharge-related surface area of the electrode stock, filling noble metal 

ml?«;^oNo ^'Vru °' "^"^y P«^'<^'«^ - corresponding noble 

metal or noble metal alloy, m the hole and then bonding the thus-filled noble metal powder in accordance 

rnnarT/Z ?« h'-- °Z'1- *° construction, the spar, plug operates in the same 

iTfrr^« h T ? ^ ^^""^^^ °' ^"^^•^''"Q '° ^P«^t oi this invention 

? , * SP^*^ P'"9S at a higher yield compared with the use of conventional stamped 

noble metal tips^ The wasting of a noble metal material can be avoided further when the noble metal 
matenal is coated with a base metal to forni the noble metal powder. 

In a further aspect of this invention, there is also provided a spark plug equipped with at least one 

ll'^T^^ ^'^'^""^ ^"^ 3'°""'' «^^P»«d '° 2 spark discharge to 

^^Ir^^ u^""^^' ^"'^ electrodes, wherein at least one of said center and ground 

T ^ ''^ a hole in the electrode stock of said at least one of said 

ZTJ^ J J ,^^ ^ discharge-related surface area of the electrode stock and then bonding a 
h H / ? °' ^" ^ °f -^etal powder of a metal having 

nJ^JLn^ K ""r^^ ^® 0^ an alloy thereof interposed therebetween in accordance with 

S!^n tho°r, T resistance welding. Owing to the above-described structure, the thermal stress 

J f I k ^""^ """'^ '"'^^^ '^^'^ '^°"^'"9 900d. Furthermore, the tip 

IS bonded to the base material by the interposition of the metal or its alloy having good high-temperature 
erosion resistance. There is thus no danger that the bonding would be broken due to occurrence ofcrac s 
by a cooling and heating cycle. 

The above and other objects, features and advantages of this invention will become apparent from the 
SawTngs °^ and appended claims, taken in conjunction with the accompanying 

BR'EP^ DESCRIPTION OF THE DRAWINGS 
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In the accompanying drawings: 

Figure 1 is a fragmentary cross-sectional view of a spark plug according to the first aspect of this 
on; 

Rgure 2 is a fragmentary enlarged cross-sectional view of the spark plug of Figure 1 • 
Rgure?"'^^ ^^^^ through 3(f) show a production process of the center electrode of the spark plug of 

Rgure 'l'^"'^^ '^^^ "^^^^ illustrate another production process of the center electrode of the spark plug of 

Rgures 5(a) through 5(d) depict a production process of the ground electrode of the spark plug of 
rigure 1 ; . » 

Rgures 6(a) and 6(b) show another production process of the ground electrode of the spark plug of 
55 rtgure 1 ; r- i- 

Figures 7 and 8 are fragmentary cross-sectional views showing further examples of the core 
electrode and ground electrode of this invention respectively; 
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namely?"'" ' ' ""^ ^""'"S » Ihe second a.pec. o, i„ven,en. 

Rgures 1 1 {a) through 1 1 (c) are cross-sectional views of metal particles- 

«M eS i^llnSn". ''''' '""^"'^ ' »' = 9™un/ete=.c.e ec==,*, ,o 

DEZAILED DESCRIPTION OF THE INVETf^ AND PREFERRED EMBODIMENTS 

usually enclosed within the center eleSodP i n»l /!f ! '=°"'^"<^'^'ty- Cu or the like is 

alumina porcelan or L like SSor 2 TnT ^ '^^^^ °' ^'S^- 

An Qh A .1 . "'cmi iciyers luji. may De mentioned pure nob e metais such as Pi Pd ir R.t 
noble meta! materials obSne^ by Adding Ni wsro w to th^^ 

including Pt alloys such as R-n7 A W R WsTL Pt^r Nl phI^^ " ! ""^L"' °' ""'"^ 

PH Of m7 I. -,11 1- w, rt wb( and R-lr-Ni. Pd aJloys such as Pd-Ni Pd-W Pd-W«5i pnd 

m n "^'^ '^^ '"^''^ °f °^ ^l^'" "oble metal layers Rgu^^^ 3 

e^^cfrSe j^t r 1r" ° ' " ^ ^ "^"^ *s fom^ed in the end surface 12 of the 

55 uiT^^re^ll ^ ?• ^S"^^^'')'- be borne in mind that the tern, "hole" or -holes" as 

SwderTL SmoiLT". °^ through-holes. Referring next to Rgure 3(c), the nobte meta 

■ncrease the packed density. Thereafter, as shown in Hgure 3(d). the electrode stock 1 is fixed in place on 



BNBOOaO: <£P_Qe4a6a9A1 JU> 



0 243 529 



a support 16. the lower extremity of a resonant stick 17 of an ultrasonic bonding machine is downwardly 
brought .nto contact with the powder 9. and a static pressure is also applied upwardly as^ndicatrd by an 

trresonarjrrp'''' 'r'^' ''''' ^^""^'^^^^ ^ ^'^«<=»'°" Perpendicutr ;:dia';to 

the resonant st.ck 17. By means of an oscillator 19. the powder is ultrasonically bonded and as depicted n 

de^d^H • V"" '° ^"^ °' the'electrode is then cu nto 

desired shape, for example. ,n such a manner that the side wall of the thin layer 10 is partly exposed fsee 
Rgure 3(f)] or the electrode is merely tapered at an end portion thereof to form an^on-exposed Ipe 
thereby forming the center electrode. mu^cu lype. 

,n > Another example Of the production process of the center electrode is shown in Figures 4(a) and 4(b) As 
w s understood from Rgure 4(a). a hole 20a is formed in a tip 20 of the ultrasonic bopd^g mach ne instead of 
! a hole ,n the end surface of the center electrode stock 1. The tip 20 is then f^ed in p ace on a 
support 21 and the noble metal powder 9 is filled and pressed in the hole 20a. After fixTnc the electrodJ 
stock 1 on the support 16 with its free end down, ultrasonic bonding is applied from the lower sidl in tJe 
,5 Tie m^.T;f ^^i.".^^r''"' '"^^^ °' ^^'^^ AS a result a t in 

Slct^in ib).'' ' ^^'^ '-'"''^ '"'^ ^"^-^ °^ -ck 1 as 

Rgures 5(a) through 5(d) and Rgures 6(a) and 6(b) illustrate examples for providing the around 
electrode 7 w.th the thin noble metal layer 11. In Rgures 5(a) through 5(d). an hole 23 is forr^ed n thf inne^ 
end surface 22 of a stock for the ground electrode 7 (may hereinafter be called "ground electrode stocl '" 

Cr%?a InrrH? °^ ^'^^'^ ^<^> stock °s .aS of a 

L ""'"^ P"^"*^' ® ^"'^ pressed in the hole 23 [Rgure 5(b)l As 

o?de 9 Ts Srbonded"^: «'ectrode stock 7 is mounted on a support table 24 and th'-noblf Ltal 
powder 9 IS then bonded by means of the resonant stick 17. metal horn 18 and oscillator 19 of the 
u trasonic bondmg machine so that the thin noble metal layer 11 is formed in the hole 23 of the Iclrode 
25 stock 7 as shown .o Rgure 5(d). Turning next to Rgures .6(a) and 6(b). instead of forming the hole in th J 
ground e ectrode stock 7, the hole 20a is formed in the' tip 20 of the ultrasonic bonding machine and he 
resultant t.p 20 .s then mounted on the support table 24 as depicted in Rgure 6(a). After L'g and press ng 

bo^ndTnn tnT "Th''^ '1? ""'^'^ ^^'^^^^ ' ^^'^'^^ accordancelfth uft ason ^ 

»r,H ^ T ' '^^^^ surface of the ground electrode 7 

TJZTy t H . °' ' ''^ ^"^^ ^-^^^ "^e"' =° that the ground 

to^m th! LTu o T^J" '° ^ *° ^•^^ '^y^^ 10 the center electrode 1 

to form the spark gap 8. Incdentally. the hole 23 of the ground electrode 7 and the thin layers 11 ir may 
not necessarily limited only to the circular shapes and they may alternatively be fomied into square shapes 
• ?"'^IJ I ^ ^^^'^^^ examples of thin noble metal layer according to the present 

rrTleLo'de 1 respectively on the end surface 12'of the 

cen e elertrode 1 and the inner end surface 22 of the ground electrode 7. are formed respectively into 
mul i-layered structures of two layers 10-1.10-2 and three layers 11-1,11-2,11-3 by superposing dissL^Jl" 
nobte meta^ powders as the noble metal powder 9. They may each be formed by a production process 

Sl^i^'averTi'h"' i^J"!: ^'^'^^"""^ °' ^'9"- «<^>- '^^ example," Pt Nl 

iX 1 o '^«;""9 good bonding properties may be provided on the side of the electrode stock while a 
Pt-lr alloy layer 10-2 featunng excellent spark wear resistance may be provided on the side of the di- 

n^J f u f ^ '^'^ P^^^"''^ '° "^^'"t^'" ^ =t^°"9e^ binding force between an 

electrode stock and its associated thin noble metal layer. 

f^rrl^rff °' 'hI^'^T?'^' '""'''^'^'^ '''3"'®' '5 ^^si^^t^le a" increased bonding 

Iccn. 1h mvf hi"' ?f ' °' ' °' '""^ ''^^^^^ ««<=^ electrode stock and it? 

r/v«?JH !? « °' ^^'^^^'^ ^^"^ ^'l'^^^"' '^ye^s of each of the multi- 

ayered structures upon effecting the ultrasonic bonding. As a matter of fact, a diffused layer of 2 - 5 urn " 

.n rp^^^ll?^ "^^'^ ^'^""^"^ '^y®^ '^^'^ ^^"'^^^^d Still thicker by applying a heat 

so treatment thereto subsequent to the ultrasonic bonding. y hk y y 

Durability of thin noble metal layers formed in accordance with this invention will next be described An 
experiment was conducted in the following manner. There were provided Invention Sample Nos 1 -18 
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Which had been obtained by bonding various noble metal power samples (particle size: 20 - 300 um) to 
electrode stocks of a Ni-Cr-Fe alloy to a thin layer thickness of 0.3 mm in accordance with ultrasonic 
bonding, and as a conventional control product. Sample No. 19 obtained by welding a 0.3-mm thick tip of a 
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Pt-tr ailoy in accordance with resistance welding. Those samples were repeatedly subjected 1,000 nmes to 
a heatng and cooling cycle which consisted of 3 minutes of burner heating (1,000*»C max,) and 3 minutes 
of natural cooling {300-C min.). Thereafter, each sample was inspected. As will be understood from results 
given in Table 1 . the invention samples were all good. 
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Sinlln L^;^^^^^ "^'"^ ^ ^-^^^ ^° -3 obsen^ed on 

^ rnrri<,!l®H"'^ ^If °' invention, owing to the formation of thin noble metal films by bonding their 
me rZc?.n"°Jl' *° electrode stocks in accordance w.th ultrasonic bonding' the thin^noble 

Tonin r \^ I """^'^ corresponding electrode stocks with a high yield and unlike 

^Z^^^r^^:^^:'^^ '^'"^'' fusion-bonding such noble metal powder, the electrode stocks are fre^ 

,0 malia^ wh?h T ^ ""'^^ ''""'"'"^ bonding allows to use 

S^fs inlnlf^ been cons,dered to be unsuitable as materials for thin metal layers. The first aspect of 
r«hte mr^^ , '^"'^^..''^"ght about such an advantage that long-life spark plugs equipped wi?h th°n 

,s csnlTiS ^'P®''^ °' '''S"^^ 9 illustrate a spark plug equipped with the 

trlcco dSo to hH 'h' °^ 2' is a discharge 

Jobte rSLtl^nl H .""^^^ °' ""^^ «P 25 has been formed by bonding 

n^cf thf nLS^ ; accordance with ultrasonic bonding. As is shown in detail in Rgures 11(a) through 
I partde si^e of? '^oT h °' ""'^''^'^^ ^6 or flaky metal partc.es 27 having 

L coalno h J. * . ^ 28 ^° a tt^'Ckness of 0.5 - 30 urn. In Figure 11(cK 

zo ttie coating has a multi-layered structure composed of two coating layers 28.29 applied one over the othe 

\^nrTZZi":!Zl '""T^J^ °^ - above-describe'd examples according to 

the first aspect of this invention. Descnption of these elements of structure is therefore omitted 

DowJe?whicS*r.«f rl''^ ""T °' ^''^ °' ^" '""^'^^^'''^ production process of the metal alloy 

Of 0^'- 30 u^^n^nh: • ? ^. L"'^''' "'-'"^^ °^ ^^-'^•P'^ is coated to rThid^ness 

S i Nh , "^PH p °= ^P^"'"^ ' - 3° ""^^ °^ Ni. W. Mo. Ru. Cr, Co. V. Ti. 

LS'cartiJ!;^;^*^ ■ °' '"'^ ^"'^ Alternatively, the above-described 

metal particles and the above-mentioned coating noble metal or its alloy may be formulated together in 

30 f3on"the"iV ' "'^f - °- or more alloys m'ay be coated' in mS ye ed 

30 fomr, on the above-mentioned particles to obtain powder 30 shown in Figure 12(c) [Figure 11(c)] An 
exemplary production process of the center electrode 1 is now described Jth referencl to Figures 12^3) 
Tn To ^l^- "I ^ ' ^^'9"^^ ^2(a) is fom,ed into a cylindrical configuration from 

ooc^^'e^^ N-Cu-Si-Mn. Ni-Cu-Fe or Ni-Cr-Fe and if needed, the core 13 made of a material halg 
3S SIS T """^""^^"'^ °^ Ag is fit centrally in the stock 1 So that the core 13 is clad by the 

?f??. thir^ ? " I "^"'^ P"'"'^®' ^° prepared above is filled in the hole 14. The powder 

RQ res 3^a^hro!l'".m^H°'f 't'' f ^'^'^"^"^ ^^^'^ ^"^ ^2(^>'- ^'n^i'^r to the process s'owr, in 

figures 3(a) through 3(f). the tip 25 is. formed by ultrasonic bonding 

^ n.erZVHa^Ilt^!' fT'V!!T''^ ' ^^'^^^^^ P^"^'^^^^' °^ surface 

thereof Figure 12(e)]. followed by its assembly in the insulator 2 to complete a spark plug 

holefsp in*'^?t''" "^^"'^ 'f'^- " " '^^^'■'"^ *° ^ P'"^^"^ °f *'P= ^""'"9 the same number of 
meS oowir^n electrode stock and then filling and ultrasonically bonding the noble 

metal powder 30 m the holes m accordance with the steps shown in Rgures 12(c) and 12(d) respectively A 
« spark plug equipped with this center electrode 1 Is depicted in Figure 10 respectively. A 

mJ^nn'^r^rr'^! ""'""^^ '^^"^ '""^^'^'^ ^"^'"P'^^ °' electrode 7 to which the noble 

wiS L^nfr ^ h"' '^««" .'^°"^ed. Namely, the noble metal powder 30 is bonded as tips in accordance 
^Is and oSf^ respectively in Rgures 16(a) through 16(c). In Rgure 16(a). a hole 23 of o:6 - 1.5 mm 

io asTcr si KAn nTZ ; p r .^^^J' ^ straight-angled wire made of a heat-resistant alloy such 

in t^l hni! TH : discharge-related area. The above-described metal powder 30 is then filled 

In 1 T " ^° P'®^^®'^ ^ P'®" 34 in a direction indicated by an arrow in Rgure 16(b) 

r^.Tl T r^H ^ °' ^° increased. Upon filling the powder 30, ultrasonic bonding 

. may applied^ Depending on bonding conditions, its bonding can be achieved to such a high level that 
the subsequent heat treatment can be omitted. 

5 If needed, the above-described wire-like stock 7 may be subjected to a heat treatment at 900 - 1400°C 
liinfoTl!! '° ^ 32 ^^^'"9 9°°^ ^.ending properties to the heat-resistant 

!nn .f 1 f . ® "'""^"^ ^'''9"^e 16(c)]. The thus-Obtained electrode stock 7 is welded to the 

annular end face 6c of the metal shell 6 in such a manner that the tip 33 is positioned in the spark gap 
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-. c- /. J " =.^u«vjc , .a .ot^ieu ,n opposition to the end surface of the center 

electrt^e 1 Hgures 14 and 15 show other examples, in each of which two ground electrodes 7 a'e 
prov.ded facmg the peripheral end wall of the center electrode 1 or insulator 2. In 4h of thesfex^pL 
.s more preferable from the viewpoint of improved durability to cut off the end face of L ^ck sr^St the 
noble metal tip 33 of the ground electrode 7 is located on the end face. 

According to the second aspect of this invention, a powder alloy which has been suhiprtad th. 
above^escribed spedal treatment is sintered and bonded as tips to sS T^e ^cond as^ ^ 2 

LS^es suJi ; ' "^"^ ""^^^^ ^'^^ ^"'PP^ tips superb I 

properties such as spark wear resistance and metal erosion resistance can be obtained since the seSnd 
aspect allows to use materials which have been considered to be unsuitable for tips n ilu^ t^e 
""T f ^^"""^ ^'^P^"^''^^ "^'^'^ ^-tal in- a smaller volume anTca^tence 

A description will now be made of the third aspect of this invention. The outline of a ororinrtion nrr^... 
ground electrode, the third aspect of this invention can obviously be applied to the discharoe ar^^ nf I 
indicates the hole formed in the stock 7 at a position close to ttie free end of the storiTr =nH 

^rL3r"onrf f •'"''^''J"J'' "'^ ^'^^P'^- '--tal powder is R 20lr 

2mr^H° hi ^ ^ ^ ^"^f °' ' * '° "^"^^ ^'^ ^ "°ble metal tip 37 made ofT^ 

mi^ meta oTwder LTT 1^ \^ T ''"^"'^ °' ^ P'""^^^ ^9 for compacting thTa^v^ 

filled metal powder, and electrode plates 39 for holding the stock 7 and tip 37 with the layer of the melJ 
powder 36 interposed therebetween so as to apply ultrasonic bonding or re^ance weldU 

First of all the hole 23 is fomr,ed by the drill 35 in the stock 7 of INC 600 [Rgure I7(a)l the Pt-20ir 
powder 36 having the particle siae of 1 - 20 um is filled in the hole 23 [Rgure 17(b)] ^d afte p eii^a ^d 

moum^ on tt T'"^ *^ P'""^^^ metL lip" ^de ?1 M 

mounted on the thus-compacted powder 36. Thereafter, the stock 7 and tip 37 with the powder 36 
^te^ therebetween are held between the electrode plates 39.39 and a current s causS^ to paS 
between the electrodes 39.39 to conduct resistance welding. Owing to the current t^e later of 
36 is fused so that the tip 37 is bonded to the stock 7. As iSustrate^ in Rgu^'s mfstSf 7 i l^Z 
the end face of tiie metal shell 6 in the same manner as that described ai^ve 

H^J^^^^J °^ °^ ^ """'^ ""^^ 3^ the above manner was tested by repeatina 500 

1 aS(S-?^^ ' °' '^'"^ ^'-'''^ Ses 0 

1p i^nw ^ '""Strated .in Rgure 19(a). the bonding gap s became relatively larqe and 

the bonding area became smaller where R-20l r was bonded directly as the tip 37 to the elec^ode stLT' 
as m the pnor art. When a 0.05 - 0.2 mm thick layer of R.201r powder having a particle s L of 1 Sul 
was interposed as ,n the above example of the third aspect of this invention, il was found t^at 1 bond^o 
area remained large and tiie gap s remained small as readily envisaged from Figure 19(b) 

The thickness of the above powder layer may suitably range from 0.05 to 0.20 mm The particle size of 

S S:d thr^wlf""'' ' '° ' ^^^'"^^ smaller^hanTuL' ho. 

be used, the powder is caused to scatter by vibrations upon its bonding, thereby making it difficult to form 
an intem,ediate layer which is expected to relax stress. On the other hand, any particle sLfgrier Z 
20 um cannot assure any sufficient bonding strength as an intemiediate layer and resurin S of ai 
J"' "'"'"^^ temperatt^re so that the bonding strengti. istiuced 

metllS'^^ZTl^^^^^ ' '^""3 ' °^ ""^^ ^'^P^^'^" between the 

metal tip and the stock and enjoying oxidation resistance even at temperatures above 1,000-C. for example 
R. Pd. In or Ru 2er se. an alloy such as R-lr. R-Pd. R-Rh or R-Ru. or as a material other than noNP 
metals. Nl-Cr-Fe alloy (Inconel). SUS310 (20Ni-35Cr) or the like. ' 

.n.r'n. o'? ^^^^ °' "^'^ ''""^ ^ ^'^^^"^"t effect in improving tt,e durability of a 

oluo^e'ipn "T' 'discharge-related areas are not damaged unlike conventional 

plugs even when subjected to a severe cooling and heating cycles 

rH.nnt'^^ T^l^ '^^'^^ ''^ ^^'^"^ °^ Skill in the art that many 

as set for^ heTe^ ' """'^^ "'^'^"^ ^"'"^ °^ °^ '"^-"«on 
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Claims 

1. In a spark plug equipped with at least one combination of opposed center electrode and ground 
electrode and adapted to cause a spark discharge to occur between said center and ground electrodes the 
5 improvement wherein at least one of said center and ground electrodes has a thin layer formed by bonding 
noble metal powder on a discharge-related surface area of the electrode stock of said at least one of said 
center and ground electrodes in accordance with ultrasonic bonding. 

cnn 1'"? ^' P°^<^er has a particle size in a range of 

10-500 um and the thin layer has a thickness in a range of 0.1 - l .0 mm 

'° «. ^'^"^ ^' metal, powder is made of a noble metal 

selected from the group consisting of R. Pd. Ru. Ir, Rh and Au. an alloy of the noble metal, or, an alloyed 
noble metal matenal of the noble metal or alloy and Ni. W or WSi; or a mixture of at least two metals 
selected from the group consisting of noble metals Pt. Pd. Ru. Ir. Rh 4nd Au. alloys of the noble metals 
and alloyed noble metal materials of the noble metals or alloys and Ni, W or WSi. 

4. A spark plug as claimed in Claim 1, wherein the thin layer is in the form of a multi-layered structure 
composed of two or more layers formed respectively from dissimilar noble metal powders 

J.'^.^P^'"'' P'"9 ^ claimed in Claim 1, wherein a diffused layer of at least 1 um thick is formed between 
the thin ayer and the associated base electrode material or between desired two adjacent ones of the two 
or more layers fonmed respectively from the dissimilar noble metal powders. 
, I:!? ^ ^y^'^ ^'"^ equipped with at least one combination of opposed center electrode and ground 
elecfrode and adapted to cause a spark discharge to occur between said center and ground electrodes the 
improvement wherein at least one of said center and ground elecfrodes has a discharge tip formed by 
bonng a hole in the electrode stock of said at least one of said center and ground electrodes at a di- 
scharge-related surface area of the electrode stock, filling noble metal powder, which has been obtained by 
coating spherical oc flaky metal particles with a corresponding noble metal, or noble metal alloy, in the hole 
and then bonding the thus-filled noble metal powder in accordance with ultrasonic bonding. 

7. A spark plug as claimed in Claim 6. wherein the metal particles are made of Fe Ni Mo W Cr Co 
Mn. Nb. V, Zn. Si. Ta. Ti. R. Pd. Re. Ru. Rh or In. " . ' ' . ' 

8. A spark plug as claimed in Claim 6. wherein the noble metal or noble metal alloy is Pt Pd In Rh or 
Ru ^ se. or a Rh-R. Rh-fr. Rh-Pd. R-ln. R-Pd. Ir-Pd. Rh-Pt-Pd. Rh-ln-Pd. Rh-ln-R or Pt-ln-Pd alloy' 

9. In a spark plug equipped with at least one combination of opposed center electrode and ground 
elecfrode and adapted to cause a spark discharge to occur between said center and ground elecfrodes the 
improvement wherein at least one of said center and ground electrodes has a discharge tip formed by 
bonng a hole in the electrode stock of said at least one of said center and ground electrodes at a di- 

35 scharge-related surface area of the elecfrode stock and then bonding a tip made of a noble metal or an 
alloy thereof in the hole with a layer of metal powder of a metal having good high-temperature erosion 
resistance or an alloy thereof interposed therebetween in accordance with ultrasonic bonding dr resistance 
welding. 

10. A spark plug as claimed in Claim 9. wherein the metal powder is made of Pt Pd In Rh or Ru oer 
40 se. or a Rh-Pt. Rh-lr, Rh-Pd, Pt-ln. Pt-Pd, Ir-Pd. Rh-Pt-Pd. Rh-ln-Pd. Rh-ln-Pt or Pt-ln-Pd alloy. 

11. A -spark plug as claimed in Claim 9. wherein the metal powder is made of a Ni-Cr-Fe allov or 
stainless steel. ^ 

12. A spark plug as claimed in Claim 9. wherein the metal powder has a particle size in a range of 1 -20 
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